cognitive reorganizations (Tardif, 2006) . In line with the NRC (2001), Tardif (2006) supports the cognitive modeling of competencies in order to maximize learning and evaluation. He suggests that researchers and educators must document learners' transformations at different moments of the learning process to build cognitive learning models for their program's competencies. Ideally, these schematic representations should structure program curricula, educational activities, and evaluations, informing educators of the important benchmarks that will help guide students' learning (NRC, 2001 ).
CRN as a competency to be included in a cognitive learning model
Like all professionals, nurses begin to develop their competencies during their initial education, and they continue to develop them throughout their professional lives. CRN is a competency that is at the core of nursing practice because it is behind every judgment and intervention made by all nurses (Victor-Chmil, 2013) . As argued by Benner, Sutphen, Leonard, and Day (2010) , it is a constant challenge for nurses to make the best decisions for their patients and they often have to reason quickly in acute health situations. As CRN is an essential competency in nursing practice, it should be a central theme throughout the curriculum to ensure its early development (Elizondo-Omanã et al., 2010) .
Over the past 25 years, several studies have been conducted to explore CRN. There is a general consensus that it is a complex cognitive process of thoughts and decisions, associated with clinical actions that require cognitive operations such as analysis, evaluation and inference, as well as emotional traits such as curiosity and self-confidence (Fonteyn & Ritter, 2008; Forsberg, Georg, Ziegert, & Fors, 2011) . In her concept analysis of CRN, Simmons (2010) concludes that it is " a complex process that uses cognition, metacognition, and discipline-specific knowledge to gather and analyze patient information, evaluate its significance, and weigh alternative actions." (p. 1151) The cognitive and metacognitive processes referred to in the above definitions coincide with Banning's (2008) and Victor-Chmil's (2013) definitions of CRN, which also state that it is used to analyze clinical situations through the lens of knowledge and to justify nursing interventions. Still, there is a lack of knowledge about CRN within a developmental and educative perspective.
Over the years, studies have documented clinical reasoning in experts (Grobe, Drew, & Fonteyn, 1991; Newell & Simon, 1972; Simmons, Lanuza, Fonteyn, Hicks, & Holm, 2003) and novices (Adams, 2003; Grobe et al., 1991; Manias, Aitken, & Dunning, 2004; Shin, 1998) , or have compared nurses at various levels of expertise (King & Clark, 2002) , uncovering evidence of differences in CRN, according to the level of expertise. These differences were corroborated in a more recent study by Andersson, Klang, and Petersson (2012) . These researchers investigated the CRN of nurses at three levels of expertise: novice (six months to two or three years of clinical practice), experienced (more than three years of clinical practice) and expert (specialized education plus more than five years of clinical practice). The nurses (n = 21) participated in group discussions using a fictitious case. The content analysis of the recorded discussions (n = 6) shows no significant differences between novice and experienced nurses' CRN, although important ones are highlighted between both the novice and experienced nurses versus the expert nurses. Expert nurses were more hypothesis-oriented than novice or experienced nurses, who were more task-oriented or action-oriented. More specifically, the expert nurses' analysis of the case showed more depth, as they used what Benner (2001) calls "the whole picture" to understand the case, to hypothesize, and to plan interventions. On the other hand, the novice and experienced nurses were addressing the case's issues one at a time without a comprehensive perspective, relying instead on routines and protocols for intervention planning. Once again, to design their education programs and strategies, for now, nursing educators can solely rely on descriptions of nurses' CRN at different levels of expertise, but very little is known about its developmental stages and critical milestones.
The Study

Aim
The aim of the study was to develop a cognitive learning model of CRN, based on the results of a think aloud exercise performed by undergraduate nursing students and RNs. The research objectives were: (1) to determine CRN's developmental stages; and (2) to identify the critical milestones of these stages.
Design
A descriptive design based on the think aloud method was used to generate verbal data on students and nurses' clinical reasoning (Fonteyn, Kuipers, & Grobe, 1993) . Having its theoretical roots in cognitive psychology, think aloud research has been used since the 80s (Ericsson & Simon, 1980) . Described as a method for gathering verbal data from a person performing a complex task (MacNeela et al., 2010; Newell & Simon, 1972) , it was successfully used in several studies to identify the cognitive operations of nurses in various clinical settings (Banning, 2008; Corcoran, Narayan, & Moreland, 1988; Fonteyn & Fisher, 1995; Fowler, 1997; Funkesson, Anbäcken, & Ek, 2007; Göransson, Ehnfors, Fonteyn, & Ehrenberg, 2008; Greenwood, Sullivan, Spence, & McDonald, 2000; Grobe et al., 1991; MacNeela et al., 2010; Simmons et al., 2003) .
Participants
A convenience sample of RNs and nursing students with different levels of academic and clinical expertise was purposely used in order to elucidate the developmental stages of CRN (Burns & Grove, 2009) . Nursing students from a six-semester long baccalaureate program at a Canadian university were invited to enroll in the study through their academic email. To be eligible, students needed to have successfully completed the second semester (first group, n = 14), the fourth semester (second group, n = 14), or be at the end of the sixth semester (third group, n=13). RNs were recruited from two hospitals affiliated with the university where the nursing students were enrolled. An invitation to participate was enclosed with their pay stubs. To be eligible, RNs needed clinical experience of either 12 to 18 months (fourth group, n = 11) or more than 5 years (fifth group, n=14). The amount of clinical experience needed in the fourth group was chosen in order to study the development of CRN during the critical transitional stage of newly graduated nurses (Chernomas, Care, McKenzie, Guse, & Currie, 2010; Duchscher, 2008 Duchscher, , 2009 Dyess & Sherman, 2009; Hansen, 2008; Kramer, 1974; Newton & McKenna, 2007) . To be eligible for the fifth group (the "expert" group), participants needed five years of practice in the same clinical domain, as suggested in other studies where "experts" were asked to participate (Benner, 2001; Benner, Tanner, & Chesla, 1992; McHugh & Lake, 2010; Simmons et al., 2003) . Additionally, Pepin, Dubois, Girard, Tardif, and Ha (2011) used the same criteria for their expert group in their study on clinical nursing leadership. In accordance with the usual number of participants used for the think aloud method (Fonteyn & Fisher, 1995) , at least 10 participants per group was planned; in similar studies, researchers recruited from 9 to 16 participants (Fonteyn & Cahill, 1998; Göransson et al., 2008; Simmons et al., 2003) . Data regarding sex, age, previous university studies, academic profiles, and years of experience are presented in Table 1 .
Table 1
Information on participants (n = 66)
Data collection
Using patient scenarios, nursing students and RNs were invited to think aloud during individual interviews.
Patient scenarios
The use of patient scenarios is common when gathering data with the think aloud method (Fonteyn et al., 1993; Göransson et al., 2008; Simmons et al., 2003) . Following Fonteyn et al.'s (1993) recommendation, patient scenarios were specifically designed to assess CRN and were previously validated in another study (Deschênes, 2006) . Thus, these scenarios were relevant to nursing practice and grounded in clinical situations typically encountered by nurses in the workplace; an example is presented in Table 2 . Five patient scenarios were used for each participant during one interview session, as suggested in a previous study (Göransson et al., 2008) .
The scenarios were presented one at a time to the participants (verbally and in writing), and additional information (prompts) was provided verbally and in writing in order to keep the participants thinking aloud. Participants were asked to explain how specific new information influenced their initial ideas. This process (initial thoughts, adding information, and thinking again) was repeated for the five patient scenarios. One research assistant conducted the 66 think aloud interviews. The interviews took place in a university office for the students or at the nurses' workplace; they lasted approximately 60 minutes and were audio-recorded. As recommended by think aloud researchers in other studies (Charters, 2003; Simmons et al., 2003) , the research assistant was specially trained to help participants continue to think aloud to ensure the participants would voice as many thoughts as possible during each scenario. Data were collected between September 2009 and September 2010.
Table 2
Example of one patient scenario used in the study
Mr. Barry had a total hip replacement surgery two days ago. When you try to assist your patient with ambulation, you realise that he is still refusing to move, saying that he is unable to do so. Think aloud. You also notice that Mr. Barry turns down the help of his wife, who is currently at his bedside. Think aloud. He also refuses to take an analgesic drug before being mobilised. Think aloud.
Ethical considerations
Ethics certificates were obtained from the university where the nursing students were recruited and from both hospitals where the RNs were recruited. Informed consent was obtained from each participant before the interview. The confidentiality section of the consent form specifically stated that teachers and employers would not have access to the interviews. Information about the voluntary nature of participation, including the possibility to withdraw without explanation, was provided.
Data analysis
The 66 interviews were transcribed verbatim and imported to QDA Miner 3.0. Thinking strategies as described by Fonteyn (1998) were used to come up with the categories and subcategories to code the data (see Table 3 ). As described in similar studies (Fonteyn et al., 1993; Newell & Simon, 1972; Simmons et al., 2003) , data analysis was performed using the three steps of protocol analysis: (1) analysis of sentences, to identify the concepts used by the participant while thinking; (2) analysis of meanings, to describe the links the participant drew between the concepts; and (3) analysis of scripts, to produce a comprehensive description of the participants' reasoning processes. These three steps were performed for the data of each interview. The researchers then used the encoded data to write five descriptive narratives, one per participant group, to highlight the groups' specific reasoning processes. Finally, a comparative text and chart were generated based on the integration and the interpretation of the five narratives, and the CRN's developmental stages could then be identified and differentiated. Once the stages were determined, a review of specific narratives enabled the identification of the critical milestones. This iterative analytic process led to the development of the CRN's cognitive learning model.
Table 3
Categories and subcategories adapted from Fonteyn's (1998) thinking strategies
Categories Subcategories
Recognize a pattern
• Typical case;
• Standardized treatment protocol;
• Representing a familiar situation;
• Representing an unusual situation.
Order concepts by priority • Focusing on an action plan;
• Focusing on the patient's concerns.
Search for missing information
• Vital signs;
• Deepen or define an evaluation;
• Other thinking strategies
• Pause and think;
• Qualify and nuance;
• Ask a question; • Assume;
• Generalize.
Scientific rigour
To increase the credibility of the results, 15% of the data analysis was performed independently by two researchers as well as by a trained research assistant. Differences in coding were resolved through discussion. Furthermore, a peer debriefing session was conducted (Given, 2008) with two independent experts in clinical reasoning. Transferability was also addressed, with the methodological choices and processes of the research design being described in substantial detail.
Results
All the transcribed interviews were coded, which led to a significant amount of data. Results are presented synthetically in the following two sections: (1) results specific to each group; and (2) the cognitive learning model.
Results specific to each group of participants
The first group of participants, nursing students at the very end of their first year, mainly searched for missing information in order to determine an intervention to help the patient. During the think aloud interview, all of them said they would read the chart, talk with the patient, and consult their nursing supervisor and other members of the nursing team. They said that they needed to determine the right interventions so they could inform and reassure the patient about his health condition. It was clear that they all preferred to intervene in the clinical situation rather than cogitate about it.
The second group included nursing students who had completed their second year. The think aloud data showed that these participants were searching for missing information of a scientific nature to justify the interventions they were planning. They also used their previous clinical experiences and the unit's routines to explain their care planning. The patient and family's concerns were the main focus of their information seeking. Furthermore, a few of the participants linked information and generated hypotheses to explain a clinical situation or to suggest interventions. These students also predicted a potential evolution of the clinical situation.
The think aloud data gathered from the third year nursing students suggested that this group was searching for missing information while also ordering concepts by priority and generating hypotheses; these hypotheses were causal and interventional in nature. Their sources of information were the patient and family, the nursing supervisor, and other health care professionals, as well as the patient's chart and the scientific literature.
The fourth group included newly graduated nurses (9-24 months). The think aloud data revealed that these participants were searching for missing information and trying to provide explanations about the clinical situation, but we could not identify any hypothesis generation nor information linking. Great importance was put on proposing a statement based on a rule and stating a rule of practice, these being primarily precepts or informal rules. Thus, these newly graduated nurses relied mostly on routines and protocols to justify their interventions.
As for the fifth group, the "expert" nurses, the think aloud data varied greatly between individuals. A lot of the data showed some participants in this group preferred to propose a statement based on a rule and to state a rule of practice, while others decided to make a choice and provide explanations.
To sum up, the data revealed that across the five stages, students and nurses were preoccupied with doing things to help the patients, and that the interventions were predominantly based on routines and protocols. Their concern appeared to be an impediment to the development of their clinical reasoning. To the question "What goes through your mind when you read this clinical situation?" (see Table 2 ), they spontaneously verbalized their potential interventions. For example, a first year student (first group) said "I would read the chart to know what I have to do", a second year student (second group) said "I would ask the patient about his needs", while a third year student (third group) said "My priority would be to make sure the patient takes his medication on time." A newly graduated nurse (fourth group) had the same answer as the third year student, whereas an expert nurse (fifth group) revealed that she would explain the relevance of walking after a surgery.
Across all the groups of participants, we noted the deployment of very few cognitive strategies related to CRN. The data also suggested that the generation of hypotheses was hindered and even replaced by both proposing a statement based on a rule and stating a rule of practice when the newly graduated nurse entered the clinical world as a professional. Moreover, this phenomenon seemed to persist in some nurses who participated in the study as "experts", which was unanticipated considering their five years of clinical practice in the same setting or field. To master a nursing domain. Table 4 presents the five stages of the resulting cognitive learning model of CRN and the critical milestones for each of these stages. The five-stage model was elaborated with a corresponding critical milestone. The name of each stage is based on the researchers' interpretation of the think aloud data, focusing on doing something for the patient, which was prevalent within the verbatim of both the students and nurses. The milestones emerged from the researchers' discussions and particularly from their expertise in education. Figure 1 is an illustration of the model, representing the intricate and continuous development of the competency. 
A cognitive learning model of clinical reasoning in nursing
Limitations
This study has some limitations. First, the three groups of students all came from the same program (university; competency-based approach), while the two groups of RNs graduated from different programs, some at the college level, some at the university level. This jeopardized the issue of the developmental continuity from before to after graduation. This limitation was discussed with the clinical partners involved in the planning of the study at the very beginning of the research process. The research team subsequently decided that it was crucial to get an accurate description of how CRN was addressed in their institutions. As for the second limitation, the group of experts was very heterogeneous, as they all came from different academic programs and had different career trajectories. Some were experts in a very specific domain (e.g. pediatrics), while others had experience in more general domains like medicine and surgery. These differences may have contributed to the two-sided cognitive learning model.
Discussion
The cognitive learning model of CRN that emerged from the data analysis of this study corresponds to the NRC (2001) and Tardif's definition (2006) of a cognitive learning model. The stages are distinct and complement each other, and they all build on the preceding ones. One surprising characteristic of this cognitive learning model is the two-way potential progression of CRN after graduation: to the expertise, as Benner (2001) described it, versus to a task-oriented practice. Another interesting element is the recognition of the crucial importance of the scientific aspect of the nursing role with the integration of evidence-based resources and hypothesis generation as critical milestones in the development of CRN. We argue that strengthening both these critical milestones in the pre-and post-registration of nurses would guarantee stronger CRN.
Strengthening the teaching and learning of the scientific aspect of nursing
The results show that one main obstacle to the development of CRN appears to be the urge to do things to help patients, and that this urge is present from the beginning of nursing education and seems to be reinforced after graduation. However, it is essential for nursing students and RNs to understand the importance of thinking and reasoning in nursing rather than limiting their practice to tasks. This led us to the first critical milestone in the development of CRN, that is, the solid awareness and appropriation of the scientific component of the nursing role. Nursing students learn chemistry, human biology, pathophysiology, pharmacology, mathematics, nutrition, developmental psychology, and sociology, among others. Additionally, they learn the nursing process, nursing theories, leadership skills, technical procedures, and nursing interventions. Paley, Cheyne, Dalgleish, Duncan, and Niven (2007, p. 692) said: "Scientific reasoning and evidence-based knowledge have epistemological priority over the other forms of nursing knowledge." As stated in Benner's book (2010), we argue that nursing educators should rely on integrative educational approaches and strategies to support nursing students in learning diverse forms of nursing knowledge. Thus, we recommend using clinical situations in the classroom (e.g. PBL, narrative pedagogy, simulations, etc.) that are significant for the students and transferable to clinical settings (Tardif, 2006) . Also, we advocate that the scientific basis of nursing needs to be nurtured, explained, discussed, and confronted, perhaps with nursing students observing the day-to-day practice of mentors in clinical units (e.g. reflexive practice, expert panels, etc.).
Strengthening the teaching and learning of hypothesis generation
The results of our study show that the process of generating hypotheses appears late in nursing education and that it is easily interrupted when newly graduated nurses enter the work place. Moreover, newly graduated nurses and experts did not resort very much to hypothesis generation. Considering that hypothesis generation is a central cognitive operation in clinical reasoning (Fonteyn & Cahill, 1998) , why is it not used by RNs? How do we explain that the nursing students who participated in our study did not generate as many explanatory or interventional hypotheses as were expected of them? Is it that we, as nursing educators, are overlooking hypothesis generation? We suggest that nursing educators should consider integrating the nursing process in problem-based learning (PBL; Rideout, 2001) , simulation with debriefing (Jeffries, 2012) , and reflective practice (Tanner, 2006) . Again, in their book Educating nurses: a call for radical transformation, Benner et al. (2010) describe strategies that would also contribute to hypothesis generation and more reflection by nursing students. Along the same lines, and as Frenk et al. emphasize in their international expert report (2010), there is a very real need for health professionals in education programs to develop competencies, meaning to adopt a competency-based approach [name withheld to maintain the integrity of the review process]. Moreover, we believe it is necessary to rethink the orientation programs and the continuing education of experienced nurses, by developing programs that use competency-based approaches. Henceforth, continuing education should focus on nursing processes and reflective practices as much as on routines and protocols.
Implications
This study is an invitation to nursing educators to help nursing students and RNs to acknowledge the scientific aspect of the nursing role. As such, they could help their learners become aware of the cognitive strategies underlying CRN, especially where generating hypotheses is concerned.
They should also pay attention to their learners' clinical experience when their struggle to master routines and protocols becomes of central importance. Thus, continuing education should support all nurses in the development of CRN, as much as it currently supports the learning of new technologies, routines, and protocols.
There are several implications for nursing education researchers. First, the CRN cognitive learning model should be put to the test and used as a guide for teaching and evaluating CRN in different contexts. It would also be of utmost importance to elaborate more cognitive learning models from other sources, such as students and RNs from the same pre-registration program or from different types of pre-registration programs. It would also be of interest to conduct a longitudinal study with one cohort of students/RNs. Moreover, further experimental studies could focus on different pedagogical approaches and strategies and their impact on the development of CRN, based on cognitive learning models.
Conclusion
We encourage a "virtuous cycle", specifically that if a nurse's practice comes from a scientific perspective, she will generate hypotheses from her data gathering and interpretation, and consequently she will adapt her practice to every clinical situation, allowing her to share this role enactment with her colleagues and students. 
